Introduction {#S0001}
============

Diabetes which is a chronic metabolic disorder has recently sharply increased on a global scale. According to the International Diabetes Federation (IDF), there were 415 million patients diagnosed with T2D.[@CIT0001] Diabetes among Asian populations has some distinguishing characteristics from other races in the world, namely the early decrease in beta-cell function resulting in high postprandial blood glucose and the development to chronic diabetic complications occurs at an early stage of the disease.[@CIT0002] Hence, a therapeutic agent which increases beta-cell function plays an important role in antihyperglycemic protocols. Nowadays, anti-DPP4 antihyperglycemic agents have been widely used for patients with T2D under guidelines of diabetes associations and proved to be effective in the enhancement of beta-cell function via ameliorating serum incretin hormone concentrations (two major incretins, GLP-1 and glucose-dependent insulinotropic polypeptide \[GIP\]) - an anti-beta-cell apoptosis agent.[@CIT0003]--[@CIT0005] There have been two incretin-related therapies for patients with T2D, namely glucagon-like peptide-1 agonists and dipeptidyl peptidase-IV inhibitors. The former was markedly known as Exedin-4 and the latter was well-known with Sitagliptin.[@CIT0006],[@CIT0007] In 2009, the American Association of Clinical Endocrinologists (AACE/ACE) issued the guideline for antihyperglycemic treatment protocol which mentioned about the usage of incretin therapies as the first-line drug for newly diagnosed patients with T2D (i.e, incretin therapies could be monotherapy or in combination with other antidiabetic drugs such as biguanide, sulfonylurea, or insulin).[@CIT0008] These days, incretin therapies regarding treatment for patients with T2D have been developed on a global scale and shown positive effects on not only glycemic control but prevention from chronic diabetic complications as well.[@CIT0009]

Whilst anti-DPP4 agents have many effects on antihyperglycemic conditions, there have been little researches on the Asian population to investigate the role of these drugs on beta-cell function, peripheral insulin sensitivity, insulin resistance and serum GLP-1 concentrations in comparison to healthy subjects but results were controversial.

Regarding Vietnam, albeit Sitagliptin has been recruited as a clinical treatment therapy for patients with T2D for several years, there has been no research on the effect of Sitagliptin to beta-cell function as well as insulin resistance.

In the present study, we took advantages of those theories to investigate effects of Sitagliptin on beta-cell function, blood glucose, serum GLP-1 concentrations, and to further identify one potential mechanism in the enhancement of beta-cell function in Vietnamese population, which may contribute to the overall judgment of efficacy of DPP4-inhibitor agents.

Patients and Methods {#S0002}
====================

Study Design and Patient Characteristics {#S0002-S2001}
----------------------------------------

This was a cross-sectional and observational, treatment-controlled study to compare the effects of 3-month treatment with Sitagliptin (with a dose of 100 mg, once daily) and control group (healthy subjects). There were 44 patients assigned to the Sitagliptin group (100 mg/day) and 52 healthy subjects assigned to the control group. Patients with T2D were outpatients of the Vietnam Endocrinology Hospital from 6/2014 to 10/2017. Patients with a mean age of 52.70 were newly diagnosed with T2D adhered to the ADA 2014 criteria[@CIT0010] and we only chose patients with both HbA~1C~ from 6.5 to 7.5 % and FPG from 7.0 to 13.0 mmol/L. We excluded all patients whose FPG and HbA~1C~ levels felt out of our selection ranges and conditions affecting results of our study, namely type 1 diabetes mellitus, secondary types of diabetes, significant complications of diabetes, and uses of other drugs affecting insulin concentrations. Drug choice was based on the guidelines of the American association of clinical endocrinologists and American College of Endocrinology (AACE/ACE 2009).[@CIT0008] In our study, patients with T2D had low HbA~1C~ concentrations so we could select Sitagliptin as the first choice for treatment therapy in adjunct to lifestyle modification and exercises. The primary endpoint was the change from baseline in GLP-1, HOMA2-B, HOMA2-IR, HOMA2-S after 3 months of treatment with Sitagliptin. Other variables of interest consisted of FPG, lipid profile, safety laboratory measurements (urea, creatinine, ALT and AST) after 3 months of treatment with Sitagliptin. No adverse events occurred during the study duration.

Ethical Statements {#S0002-S2002}
------------------

All participants were dispensed with written informed consents, and the protocol was approved by the Ethical Review Committee of Military Medical University, Vietnam (No. 57/2014/VMMU-IRB). The study was also conducted using good clinical practice following the Declaration of Helsinki.

Blood Glucose, Beta-Cell Function and Insulin Resistance {#S0002-S2003}
--------------------------------------------------------

Fasting blood glucose levels of all participations were collected on the first day of trial and every month afterwards. For beta-cell function, fasting plasma glucose, fasting insulin and C-peptide were collected on the first day of trial and after 3 months. Serum insulin and C-peptide were measured by electrode chemiluminescence (COBAS E411, USA). HbA1c was measured in percentage by high-performance liquid chromatography method (Adams A1C, Japan). FPG was measured by hexokinase methods (Beckman AU 680, USA). We used the HOMA-2 calculator which was available online at [<https://www.dtu.ox.ac.uk/homacalculator/>]{.ul} for measurement of beta-cell function, peripheral insulin sensitivity and insulin resistance by fasting plasma glucose and fasting C-peptide.

Serum GLP-1 Concentrations {#S0002-S2004}
--------------------------

Fasting blood samples were aspirated on the first day of trial and after 3 months for patients with T2D but only on the first day of trial for the control group. On the day of blood samples collection, patients were asked to be fasting and not to use Sitagliptin. At the time of clinical visiting, patients were fasted at least 8 hours and blood was collection for fasting serum GLP-1 analysis (fGLP1). All collecting tubes were prepared with DPP4-inhibitor before containing blood to prevent GLP-1 from degradation by DPP4 (DPP IV Inhibitor, K579, BioVision, USA). These blood samples were centrifuged at the velocity of 3000rpm for 15 minutes. Sera were then analysed with commercially available kits (ELISA-GLP-1 kits, Sigma, Japan) according to the manufacturer's protocol by ELISA apparatus (ThermoFisher). Changes in color were checked at a wavelength of 450nm. The intra-assay and inter-assay coefficients of variation were less than 10% in enzyme immunoassays.

Data Analysis and Statistics {#S0002-S2005}
----------------------------

The size of the sample was calculated by the formula: $\documentclass[12pt]{minimal}
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$$n = {{{{\left({{Z_{\alpha/2}}} \right)}^2}.{S^2}} \over {{\Delta ^2}}}$$
\end{document}$ (n is the total of patients with newly diagnosed T2D, Z~α/2~ = 1.96 (with α = 0.05)) and S was the standard deviation of serum GLP-1 (3.9 pmol/L). Δ was the expected standard deviation for serum GLP-1 before and after treatment, in our study, it was 1.2pmol/L. Normally distributed data were expressed as mean±SD. Differences between groups were examined with Student's *t*-test or Mann Whitney's test. Correlations between serum GLP-1 levels and other variables were evaluated with Pearson's and Spearman correlation analysis for normal distribution and skewed distribution variables, respectively. Two-tailed P values \< 0.05 were defined as statistically significant. To test the difference between before and after treatments with Sitagliptin, we used Cohen's d test, if d was greater than or equal to 0.2, it was assigned as a significant difference.

Results {#S0003}
=======

Study Population Characteristics {#S0003-S2001}
--------------------------------

44 patients with newly diagnosed T2D were treated with Sitagliptin (dose of 100mg/day) for the duration of 3 months and 52 healthy participants. The two groups have the same characteristics but there were a significant decrease of serum GLP-1 concentrations, and significant increases of FPG, HbA~1C~, C-peptide, insulin in patients with T2D in comparison to those in healthy participants ([Table 1](#T0001){ref-type="table"}).Table 1Baseline Demographic Background Characteristics of Study PopulationDemographic VariablesSitagliptin 100 mg/day (n = 44)Control Group (n = 52)Age (year), mean ± SD52.70 ± 10.3052.73 ± 9.93 **≤**6033 (75.0)41 (78.8) \>6011 (25.0)11 (21.2)Sex Male n (%)21 (47.7)22 (42.3) Female n (%)23 (52.3)30 (57.7)BMI (kg/m^2^), mean ± SD^†^22.75 ± 2.7620.67 ± 1.78HbA~1C~ (%), mean ± SD^†^7.04 ± 0.595.80 ± 1.48FPG (mmol/L), mean ± SD^‡^9.51 ± 2.185.29 ± 0.50Fasting insulin (pmol/L), mean ± SD^‡^84.14 ± 67.4561.39 ± 36.27Fasting C-peptide (nmol/L), mean ± SD^‡^0.84 ± 0.520.62 ± 0.26Fasting GLP-1 (pmol/L), mean ± SD^‡^6.84 ± 3.1212.97 ± 5.85[^2]

Glycemic Controls, Insulin Resistance, Peripheral Insulin Sensitivity, and Beta-Cell Function {#S0003-S2002}
---------------------------------------------------------------------------------------------

When we measured insulin resistance and beta-cell function indices with HOMA2 calculators, T2D group showed significantly worse peripheral insulin sensitivity, insulin resistance and beta-cell function than the control group (60.03 vs 84.91, p \< 0.01; 2.36 vs 1.39, p \< 0.001; 53.77 vs 105.85, p \< 0.01; respectively), especially the decrease of beta-cell function ([Table 2](#T0002){ref-type="table"}).Table 2Indices of Beta-Cell Function, Insulin Resistance and Insulin Sensitivity Before TreatmentVariable (Unit)Control Group (n = 52)Patients with T2D (n = 44)Different (95% CI)pHOMA2-B (%), mean ± SD105.85 ± 31.2453.77 ± 32.80−44.48 (−58.06;-30.91)\<0.01HOMA2-IR, mean ± SD1.39 ± 0.612.36 ± 1.580.79 (0.33;1.25)\<0.001HOMA2-S (%), mean ± SD84.91 ± 36.4660.03 ± 35.49−20.35 (−33.91;-6.78)\<0.01

Treatment with Sitagliptin alone in patients with T2D reduced HbA~1C~ and FPG statistically in comparison to before treatment and there were no hypoglycemic events. Whilst there were increases in fasting insulin and C-peptide levels, the difference was not significant (p \> 0.05) after treatment. BMI indices and weight of patients with T2D decreased significantly in comparison to those before treatment. Regarding lipid profile, whilst triglyceride changed slightly, cholesterol, LDL-C, and HDL-C concentrations witnessed significant differences.

After treatment of Sitagliptin with the stable dose of 100 mg/day for 3 months, changes in HOMA2-B and HOMA2-IR were found significantly in patients with T2D (with the different of 36.28 and - 0.55, respectively). Despite an insignificant change, there was an upward trend of HOMA2-S. Serum GLP-1 concentrations in patients with T2D treated with Sitagliptin increased significantly after 3 months and did not show a significant difference in comparison to those in the control group (12.83 ± 5.78 and 12.97 ± 5.85 pmol/L, respectively, p\>0.05). Besides, patients with T2D showed no significant changes in both liver and renal functions via creatinine, ALT and AST after treatment with Sitagliptin ([Table 3](#T0003){ref-type="table"}).Table 3Changes in Paraclinical Parameters in Patients with T2D Treated with Sitagliptin 100 mg/DayVariable (Unit)Before Treatment (n = 44)After 3 Months (n = 44)Different (95% CI)pdBMI (kg/m^2^)22.75 ± 2.7622.25 ± 2.420.49 (0.24;0.74)\<0.0010.19Weight (kg)57.58 ± 8.1056.94 ± 7.350.64 (0.26;1.02)0.0010.08HbA~1C~ (%)7.04 ± 0.596.61 ± 0.83− 0.43 (−0.69;-0.17)\<0.0011.36FPG (mmol/L)9.51 ± 2.186.37 ± 0.83− 3.14 (−4.13;-2.15)\<0.0010.71Insulin^†^ (pmol/L)84.14 ± 67.4587.00 ± 23.092.86 (−18.19;23.90)\>0.05C-peptide^†^ (nmol/L)0.84 ± 0.520.88 ± 0.54−0.75 (−0.25;0.10)\>0.05GLP-1 (pmol/L)6.84 ± 3.1212.83 ± 5.78^†^5.99 (4.02;7.95)\<0.0011.29Cholesterol (mmol/L)5.27 ± 1.424.13 ± 1.181.14 (0.60,1.69)\<0.0010.87Triglyceride (mmol/L)2.32 ± 1.522.29 ± 1.510.03 (−0.44;0.20)\>0.05HDL-C (mmol/L)1.26 ± 0.351.12 ± 0.270.14 (0.03;0.26)\<0.050.45LDL-C (mmol/L)3.21 ± 1.132.25 ± 0.850.94 (0.53;1.35)\<0.0010.96Ure (mmol/L)5.46 ± 1.104.92 ±0.150.54 (0.08;0.99)\<0.05Creatinin (µmol/L)75.39 ± 2.3675.39 ± 16.24−0.38 (−4.78;4.02)\>0.05ALT (U/L)33.02 ± 14.1228.95 ± 20.924.07 (−3.06;11.20)\>0.05AST (U/L)26.06 ± 9.1524.55 ± 8.991.50 (−1.87;4.87)\>0.05HOMA2-B (%)53.77 ± 32.8090.04 ± 34.0236.28 (22.47;50.08)\<0.0010.80HOMA2-IR2.36 ± 1.581.82 ± 0.67− 0.55 (−1.06;-0.03)\<0.050.32HOMA2-S (%)60.03 ± 35.4965.19 ± 33.745.16 (−7.88;18.20)\>0.05[^3]

After a 3-month duration of Sitagliptin usage, whereas both FPG and HbA~1C~ decreased significantly with reductions of - 3.14 mmol/L and - 0.43 %, respectively; both serum insulin and C-peptide concentrations increased but differences were not significant. In our study, we chose the threshold for normal beta-cell function was the value of mean -- 2SD in the control group, and as the result, we assigned abnormal beta-cell function if beta-cell function in patients with T2D was less than 43.37%. There were 4 patients after treatment with Sitagliptin witnessing a low beta-cell function but it was still improved in comparison to that at onset ([Figure 1](#F0001){ref-type="fig"}).Figure 1Changes in insulin sensitivity (HOMAS -- (**A**)), beta-cell function (HOMAB -- (**B**)), insulin resistance (HOMIR -- (**C**)) before and after treatment with Sitagliptin in comparison to those in control group.**Notes:** HOMABcpe, HOMIRcpe, HOMAScpe: before treatment; HOMABcpe3, HOMIRcpe3, HOMAScpe3: after treatment; HOMABCO, HOMAIRCO, HOMASCO: control indices.

Independent Variables Correlated with Beta-Cell Function and Insulin Indices {#S0003-S2003}
----------------------------------------------------------------------------

Among patients with T2D treated with Sitagliptin 100mg/day, we found that only 40 patients appeared to have increased in beta-cell function. And hence, we made an insight on correlations of independent variables with beta-cell function and insulin indices for only this group to find out some potential factors contributed to this change.

When adjusted with other related factors (namely, weight, age, HbA~1C~, lipid profile), only HbA~1C~ was found to be negatively correlated with HOMA2-S and positively correlated with HOMA2-IR whilst serum GLP-1 concentrations were found to be negatively and positively correlated with HOMA2-IR and HOMA2-S, respectively ([Tables 4](#T0004){ref-type="table"} and [5](#T0005){ref-type="table"}).Table 4Multivariate Regression of Health Profiles Associated with Insulin Resistance in Patients with an Increase in Beta-Cell Function 90 Days After Sitagliptin TreatmentIndices (n=40)Unstandardized CoefficientsStandardized CoefficientstpBSEBetaHbA~1C~0.260.120.332.100.04\***\***Weight−0.010.02−0.09−0.530.60Cholesterol−0.090.14−0.16−0.630.54HDL-C−0.350.37−0.16−0.950.35LDL-C0.350.180.491.970.06Triglyceride−0.000.07−0.01−0.070.95GLP-1−0.040.02−0.36−2.430.02\*\*Age−0.000.01−0.02−0.120.90[^4] Table 5Multivariate Regression of Health Profiles Associated with Insulin Sensitivity in Patients with an Increase in Beta-Cell Function 90 Days After Sitagliptin TreatmentIndices (n=40)Unstandardized CoefficientsStandardized CoefficientstpBSEBetaHbA~1C~−7.853.73−0.33−2.110.04\*\*Weight0.010.470.000.020.98Cholesterol3.214.180.200.770.45HDL-C2.0811.270.030.190.86LDL-C−10.035.48−0.46−1.830.08Triglyceride0.662.030.050.330.75GLP-11.260.480.392.620.01\*\*Age−0.020.26−0.01−0.060.95[^5]

Discussion {#S0004}
==========

In our present study, we compared changes in peripheral insulin sensitivity, insulin resistance and beta-cell function of Sitagliptin prescribed patients to healthy participants and measured the efficacy of Sitagliptin. We conducted this study comprising newly diagnosed patients with T2D and healthy subjects and a follow-up of 3 months. To minimize the effects of different demographic characteristics, we choose participants with similar demographic characteristics. Vietnamese patients with T2D had some characteristics, namely the age of diabetes establishing diagnose was at their 50s, normal-to-high BMI, high HbA~1C~, and high FPG levels, which were in line with previous studies among Asian populations.[@CIT0011]--[@CIT0013]

Changes in BMI and Lipid Profiles After 3 Months of Treatment with Sitagliptin {#S0004-S2001}
------------------------------------------------------------------------------

After 3 months of treatment, there were no adverse events among patients with T2D. Albeit their BMI and bodyweight changed significantly, Cohen's d values were not greater than 0.2. Additionally, there were also changes in the lipid profile. Particularly, while triglyceride changed slightly, cholesterol, LDL-C, and HDL-C concentrations witnessed significant differences. Our results were in line with previous studies.[@CIT0014]--[@CIT0017] Although the role of Sitagliptin on lipid metabolism has been scrutinized to decrease cholesterol, triglyceride and LDL-C,[@CIT0018],[@CIT0019] these effects could be overlapped by some factors, such as diets, lipid-lowering drug usages, and exercises. In our study, we could not distinguish the role of each mentioned factors contributing to the decrease of each feature in the lipid profile and body weight.

Beta-Cell Function Decreased Sharply and Early in Vietnamese Patients with T2D {#S0004-S2002}
------------------------------------------------------------------------------

Although insulin resistance remained the main pathology factor in type 2 diabetes mellitus, previous studies pointed out that there were some differences in characteristics of T2D among the Asian population. The degeneration of beta-cell function occurred earlier than that in Caucasian populations.[@CIT0002],[@CIT0011] In our study in Vietnamese patients, we also found that there was a significant decrease (of 44.48%) in patients with T2D, while only −20.35 and 0.79 for insulin sensitivity and insulin resistance in the same order. Though all patients were newly diagnosed and their mean age was 52.70 (year), they still suffered from a decrease of nearly 45% of beta-cell function.

Glycemic Controls {#S0004-S2003}
-----------------

After the 3-month duration of treatment with Sitagliptin 100 mg/day, we found the significant amelioration in glycemic controls in patients with T2D. The reduction of HbA~1C~ and FPG were significantly different in comparison to those before the initiation of treatment with −0.43 (95% CI, - 0.69 to - 0.17, p \< 0.001) and - 3.14 (95% CI, - 4.13 to - 2.15, p \< 0.001), respectively. Our results were consistent with previous studies.[@CIT0012],[@CIT0013],[@CIT0020]-[@CIT0022] Despite the slight increase in insulin and C-peptide levels, these changes were not significant. We hypothesized that due to the direct effect of DPP4-inhibitor to increase the half-life of incretin, and as a result, the drug mainly affected serum GLP-1 levels instead of insulin from beta-cells. The increase in insulin was due to the net effect of GLP-1 depends on glucose levels.[@CIT0023] In particular, serum GLP-1 concentrations in patients with T2D treated with Sitagliptin increased significantly after 3 months and did not show a significant difference in comparison to those in the control group.

Treatment with Sitagliptin Increased Beta-Cell Function, Insulin Sensitive and Decreased Insulin Resistance {#S0004-S2004}
-----------------------------------------------------------------------------------------------------------

After 3 months of treatment with 100mg/day Sitagliptin, patients illustrated higher HOMA2-B, HOMA2-S and lower HOMA2-IR to those before interventions. Sitagliptin, one of the anti-DPP4 agents, has been consistently demonstrated to have effects on beta-cell and insulin concentrations via indirectly prolongs active incretins and exhibits L-cells to secrete more GLP-1.[@CIT0024],[@CIT0025] Recently, this group of agents were approved to be a second-line therapy for patients with type 2 diabetes mellitus internationally but as recommended by AACE/ACE (2009), the anti-DPP4 agents may be used to start monotherapy for type 2 diabetes patients.[@CIT0008] One model-based analysis (a placebo-controlled clinical study) found that Sitagliptin improved beta-cell function relative to placebo in both fasting and postprandial states in patients with T2D.[@CIT0026] Albeit Sitagliptin has been shown numerous efficacies in antidiabetic therapy overall, these effects varied from different races. A meta-analysis showed that, among patients with T2D in Asia, Sitagliptin had increased insulin sensitivity and weight much higher in comparison to that in the Caucasian population and the between-group (Asia-Caucasian) different in HOMA2-B was - 4.97 (95% CI, - 9.86 to - 0.09, p \< 0.05). One suggestion for these differences could be due to Asian anthropometric indices including low BMI and high blood glucose due to insulin resistance rather than insulin deficiency.[@CIT0011] DPP4 inhibitors might induce beta-cell regeneration, prevention from pancreas islet hypertrophy and insulin synthesis in vitro studies.[@CIT0027],[@CIT0028] Clinically speaking, DPP4-inhibitors also improved beta-cell function both inside and outside the setting of food consumption, but some studies found there was no change in the incretin effect.[@CIT0029] Moreover, DPP-4 inhibitors would allow beta-cells to adapt to the degree of insulin resistance and have a better response to glucose overload and as the result, they decrease the overall insulin exposure and the proinsulin-to-insulin ratio.[@CIT0014],[@CIT0030],[@CIT0031] Some recent placebo-controlled studies denoted that Sitagliptin significantly improved HOMA-B, the proinsulin-to-insulin ratio in different races.[@CIT0009],[@CIT0013],[@CIT0021] Besides effects on beta-cell function, DPP4-inhibitors agents showed controversially contribution to insulin sensitivity. Some studies found that there was no different in HOMA-IR and QUICKI index among patients treated with Sitagliptin alone or in combination with other antihyperglycemic agents.[@CIT0017],[@CIT0032] Interestingly, on a long placebo-and active-controlled study, there was a significant improvement on disposition indices of insulin sensitivity from baseline at week 24 with all active treatments (with Sitagliptin alone or in combination with metformin) relative to placebo.[@CIT0020] Our results were in line with Goldstein et al and these results could suggest that Sitagliptin might make progress in insulin resistance at the early stage of diagnosed T2D.[@CIT0020] Albeit beta-cell function and insulin resistance based on HOMA2-B and HOMA2-IR, respectively, significantly improved, insulin and C-peptide concentrations witnessed upward trends but the difference was not significant ([Table 3](#T0003){ref-type="table"}). Our results were in concordance with those of Mohan.[@CIT0012] There were some reasons for these changes. Several studies illustrated that Sitagliptin elevated serum GLP-1 concentrations, which affected beta-cell function (such as an increase in beta-cell differentiation and proliferation), and as a result, using Sitagliptin increased HOMA2-B index. Moreover, our results showed that there were good controls in both glycemic targets and lipid profile in patients with T2D ([Table 3](#T0003){ref-type="table"}), which contributes to improving insulin sensitivity. To sum up, Sitagliptin helps to improve insulin sensitivity rather than increasing solely insulin concentrations and increases in insulin levels might take time more than only 3 months of treatment duration.

GLP-1 Might Contribute to the Amelioration of Insulin Sensitivity and Insulin Resistance in Patients with T2D Treated with Sitagliptin {#S0004-S2005}
--------------------------------------------------------------------------------------------------------------------------------------

GLP-1 is a potent insulin secretagogue that exhibits glucose-dependent insulin secretion. In vitro study, GLP-1 was found to be capable of healing beta-cell function which was reduced with age for some reasons: i) recruit beta-cells into a secretory mode; ii) activate the gene for glucose sensitivity of beta-cells; and, iii) reduction of beta-cell apoptosis.[@CIT0023] Treatment of old Wistar rats with GLP-1 led to the normal insulin secretion via increases of beta-cell mass and pancreas cell proliferation.[@CIT0028],[@CIT0033] And, we hypothesized that besides the hypoglycemic effect of anti-DPP4 agents, it may be the increase of GLP-1 that contributed to the increase of beta-cell functions.[@CIT0034] In our study, serum GLP-1 concentrations increased sharply after treatment and regression analysis confirmed that serum GLP-1 concentrations were independent variable making a great contribution to the amelioration of insulin sensitivity and insulin resistance. We found that there were improvements in beta-cell function but there were also 4 patients still had low beta-cell functions in comparison to those in the control group. These discordances might be due to the extreme low baseline levels of beta-cell function of these 4 patients. After the treatment, changes in beta-cell function were marginal and remained low. To neglect bias, we analyzed serum GLP-1 concentrations correlation with HOMA-IR and HOMA-S among patients with improvements in HOMA-B. Our data denoted that serum GLP-1 concentrations negatively and positively correlated to HOMA-IR and HOMA-S, respectively when adjusted for some related factors (age, weight, HbA~1C~, and lipid profile), which also contributed to the improvements of beta-cell function besides effects on glucose-independent insulin secretagogue.

There were some limitations to our study. Firstly, the size of our study population was relatively small and this was the cross-sectional study with a 3-month follow-up. Moreover, to measure beta-cell function and insulin indices, we solely employed HOMA2 calculator so we did not have continuous data to measure changes of insulin, glucose before and after patients consumptions. Finally, we just compared between diabetes mellitus group treated with Sitagliptin and control group so it is cannot scrutinize advantages of utilizing Sitagliptin in comparison to other oral antihyperglycemic drugs.

Conclusions {#S0005}
===========

In summary, we showed that Sitagliptin with the dose of 100 mg enhanced beta-cell function and serum GLP-1 concentrations in newly diagnosed patients with T2D. It is the amelioration of serum GLP-1 concentrations and blood glucose that makes Sitagliptin a potential agent to decrease insulin resistance.
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